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5.5 MLA I M A G I N G  SYSTEMS* 
Ken J. Ando, N A S A  Headquarters 
MLA is the  abbreviation f o r  "Multispectral  Linear Array." W i t h i n  NASA, MLA 
has evolved to become the generic term fo r  t h e  sensor concept and technology 
associated w i  tl; so l id-s ta te  e l ec t ron ica l ly  scanned l inear  arrays operat ing i n  
the y s h b r o m  mode f o r  resource observations.  The ove ra l l  program objec t ive  
is t o  develop the enebling technology and instrumentimission d e f i n i t i o n  phase 
fo r  t h e  appl icat ion of advanced so l id-s ta te  sensors f o r  fu tu re  experimental 
remote sensing missions. The approach being taken is t o  d e v e l c p  complm.. ntary 
multiyear e f f o r t s  a t  GSFC and JPL.  GSFC w i l l  concentrate upon focal  plane de- 
velopment, instrument concept/design development, mission s tud ie s  , and serv ice  
requirements; JPL is concentrating on development o f  an imaging spectrometer 
technology and a Shu t t l e  s o r t i e  mission de f in i t i on .  
There is a heavy emphasis on technology. The technologies t h a t  we a re  devel- 
oping a r e  t h e  shortwave infrared focal  plane technology, p- imar i ly  mercyry- 
cadmium-teluride, plat inum-si l ic ide,  v i s i b l e  ch ips ,  t h e  o p t i c s ,  passive radia- 
tors -- a l l  the c r i t i c a l  technology acquired for t h e  implementation of ap NLA 
sys t em.  We a r e  a l s o  developing instrument concepts and we a r e  doing t h i s  
through a number of Phase A s t d i e s .  In  addi t ion ,  we have support  a c t i v i t i e s .  
PrimaFily we a r e  t ry ing  t o  def ine  what the requirements a r e  from a science 
standpoint,  and what the user requirements a r e ,  and how can we best. u t i l i z e  
t h i s  technology. We a r e  i n  t h e  process of forming a science wo' ng group. 
And f i n a l l y ,  we a r e  looking in to  var ious concepts and scenarios  t o r  missions 
f o r  va l ida t ion  of t h e  technology. 
I want t o  mention the  f a c t  t h a t  besides  t h e  MLA a c t i v i t y  the re  a r e  other  com- 
plementary technology e f f o r t s  w i t h i n  NASA. There is t h e  information adaptive 
system e f f o r t  which i s  being funded by OAST. This i s  an e f f o r t  t o  develop and 
demonstrate a breadboard f o r  on-board s ignal  processing MLA-type da ta .  Spe- 
c i f i c a l l y ,  t h i s  breadboard process w i l l  cor rec t  a l l  the  MLA data  a t  the 80- 
to 90-megabyte range, and, i n  addi t ion ,  generate a l l  t h e  geometry cor rec t ion  
f a c t o r s  cuch t h a t  i t  can be resavpled on t h e  ground. ?he i n p u t  w i l l  be the  
ephemeris information, t h e  a t t i t u d e  control  information and t h e  thermal data  
f ran which the resampling coe f f i c i en t s  w i l l  be ca lcu la ted .  There a r e  two  
other  a c t i v i t i e s ,  one ca l led  TIRA (Thermal Infrared Ray)--an e f f o r t  which has 
been under way f o r  about two years t o  develop an 8- t o  12,000-micron element 
l i nea r  array.  Final ly  the re  is another a c t i v i t y  -- TIMS (Thermal Infrared 
Multispectrai  Sci7"1?er): t h i s  i s  an e f f o r t  t o  develop a 6-channel imaging spec- 
trofieter r a d i m e t e r  fo r  a i r c r a i i  c t i l i z a t i o n .  I might mentioii t h a t  the scan- 
ner w i l l  be del ivered t o  JPL f o r  ca l ib ra t ion ,  t i ~ t t  fn t h e  June-July time f r m e  
it  w i l l  be  flown on t h e  Lear 23 J e t  out of  NSTL. 
One of the areas  t h a t  we're looking a t  is t h e  p o s s i b i l i t y  of some s o r t  or i7 
Shu t t l e  experiment. Original ly ,  our majw i n t e r e s t  was i n  some 901 t of  a 
f ree-f lyer :  however, w i t h  the budget uncer ta in t ies  we f e l t  t h a t  a Shuttle-type 
mission might be a viable  and perhaps a more r e a l i s t i c  a l t e r n a t i v e  a s  a pre- 
cursor for  a f u l l - u p  experimental mission u t i l i z i n g  a f r e r - f lye r .  What I have 
summarized here a r e  some of the  objec t ives ,  technology va l ida t ion  ob jec t ives ,  
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and some r e s e a r c h  o b j e c t i v e s .  It t u r n s  o u t  t h a t  there  a re  some p r o b l e m s  u t i l -  
i z i n g  t h e  S h u t t l e  for t h i s  t y p e  of r e s e a r c h .  W i m a r i l y  t h e  S h u t t l e  d o e s  no t  
h a v e  a v e r y  a d e q u a t e  p o i n t i n g  s y s t e m .  The way we t h i n k  we c a n  c i r c u m v e n t  t h a t  
i s  t o  u t i l i z e  some of  t h e  p o i n t i n g  m o d u l e s  which are c u r r e n t l y  u n d e r  d e v e l o p  
ment w i t h  NASA. One of them is t h e  IPS,  and I u n d e r s t a n d  t h e r e  i s  a n c t h e r  
p o i n t i n g  module which i s  b e i n g  d e v e l o p e d  b y  L a n g l e y .  By t i l t i n g  t h e  S h u t t l e  
a b o a t  45O and l o o k i n g  s i m u l t a n e o u s l y  a t  + h e  s tars ,  we t h i n k  we c a n  b o t h  t r a c k  
and g e t  kCS i n f o r m a t i o n  I n  a d d i t i o n  t o  imaging  on t h e  g r o u n d ,  
F i g u r e  1 p r o v i d e s  a c o m p a r i s o n  be tween MU and o t h e r  Ea r th  o h s e r v a c i o n  imaging  
s y s t e m s .  T h e r e  are t h r e e  t y p e s  of  t e c h n i q u e s  t o  g e n e r a t e  imagery .  There i s  
t h e  c o n v e n t i o n a l  s c a n n e r  -- t h e  m e c h a n i c a l  s c a n n e r  -- which s c a n s  b a c k  and 
f o r t n  across c h c  g r o u n d  w i t h  t h e  s p a c e c r a f t  p r o v i d i n g  t h e  mot ion  and t h e  s c a n  
i n  t h e  i n - t r a c k  d i r e c t i o n .  The n e x t  l e v e l  of s c a n n e r  beyond t h i s ,  which i s  
s t r i c t l y  m e c h a n i c a l ,  is  t h e  MLA a p p r o a c h  whish i s  b a s i c a l l y  a l i n e a r  a r r a y  
which p r o v i d e s  e l e c t r o n i c  s c a n  i n  t h e  c r o s s - t r a c k  d i r e c t i o n  and t h e  o r b i t a l  
m o t i o n  p r o v i d e s  t h e  s c a n  i n  t h e  i n - t r a c k  d i r e c t i o n .  'Ihe k e y  here is t h e  f a c t  
t h a t  t h e  pushbrocm-type s c a n n e r  p r o v i d e s  s i m u l t a n e o u s  imaging  i n  t h e  cross- 
t r a c k  d i r e c t i o n  -- i t  n a i n t a i n s  p e r s p e c t i v e  i n  o n e  d i r e c t i o n  a t  l eas t .  T f  you 
g o  t o  a c o n v e n t i o n a l  f r a n i n g  camera 14.!te a 35-mm c a m e r a ,  t h e  p e r s p e c t i v e  i s  
imaged s i l m c l t a n e o u s l y  i n  b o t h  d i r e c t i o n s  -- t h e  c o n v e n t i o n a l  framer. Again ,  
NASA e x a n p l e s  a r e  t h e  r e t u r n  beam v i d e c o n  and t h e  l a r g e  format camera  -- which  
is  a f i lm camera.  What I want  t o  summarize here a re  some of t h e  pushbroom- 
t y p e  s c a n n e r s  which h a v e  b e e n  proposed  and o n e  which i s  a c t u a l l y  i n  t h e  hard-  
ware s t a g e .  The imaging  s p e c t r o m e t e r  ( F i g u r e  2) is a n  a p p r o a c h  which JPL 1 2  
d e v e l o p i n g  and b a s i c a l l y  i s  a n  a p p r o a c h  where in  a slit ,  which  c o r r e s p o n d s  t o  
o n e  l i n e  o n  t h e  g r o u n d ,  is  s i m u l t a n e o u s l y  imaged i n  a nunber  of  spectral  
bands .  The s l i t  is  d i s p e r s e d  by t h e  d e f i a s t i o n  g r a d i n g  and %en reitlraged o n t o  
t h e  area r a y .  The a d v a n t a g e  i s  t h a t  you h a v e  i n h e r e n t  r e g i s t r a t i o n s  because 
of t h e  f a c t  t h a t  you a r e  imaging  o n l y  t h e  s l i t  and a l l  Lhe colors s i r n d t a n e -  
o u s l y .  The o t h e r  a d v a n t a g e  is  t h e  f ac t  t h a t  b y  programming t h e  a r r a y  you ca.1 
a r b i t r a r i l y  c h s n g e  b o t h  t h e  spectral p a t h  and t h e  c e n t e r  f r e q u e n c i e s .  
As f a r  a s  t h e  p o t e n t i a l  a d v a n t a g e s  o f  t h e  pushbroom mode of  imaging  w i t h  t h e  
MLA, o n e  of t h e  l i m i t a t i o n s  o f  t h e  m e c h a n i c a l  s c a n n e r  i s  t h e  q u e s t i o n  of x a n -  
n e r  l i t i e a r i t y .  Witn a n  e l e c t r o n i c  s c a n n e r  1 - x e  t h e  MLA, f o r  a l l  i n t e n t s  and 
p u r p o s e s ,  there i s  n o  l i n e a r i t y  b e c a u s e  of t h e  fact. t h a t  you a re  e l e c t r o n i c a l -  
l y  s c a n n i n g  as opposed to  m e c h a n i c a l l y  s c a n n i n g ,  One of  t h e  a d v a n t a g e s  i s  
t h a t  you s i m u l t a n e o u s l y  image a l i n e - - a l l  t h e  p i x e l s  i n  o n e  l i n e - - s o  t h a t  
there  i s  less  t h a n  a j i t t e r  problem--because you h a v e  l i t e r a l l y  f r o z e n  t h e  
l i r e  i n  time and s p a c e .  T h e r e  is  no  h i g h - f r e q u e n c y  j i t t e r  component v a r i a t i o n  
fran p i x e l  t o  p i x 7 1  b e c a u s e  you d o n ' t  s c a n  a c r o s s  t h e  l i n e ,  you s i m u l t s n e o u s l y  
image i t .  'ihe o t h e r  a d v a n t a g e  i s  t h e  f i x e d  g e o m e t r y ,  and a g a i n  t h a t  p r o v i d e s  
t h e  true p e r s p e c t i v e  i n  cross- a c k  d i r ec t ion  and t h a t  p o t e n t i a l l y  will reduce 
t h e  g e o m e t r i c  c o r r e c t i o n  r e q u i r e m e n t s  and r e s a m p l i n g  requi r tTj len ts  s l m p l y  be- 
cause o f  t h e  f a c t  t h a t  t h e  de t ec to r  geometry  was f i x e d .  The other  a t t r i b u t e  
is  t h e  f a c t  t h a t  s i n ? e  t h e  s c a n  is e l e c t r o n i c ,  you c a n  c h a n g e  them and program 
them; for example ,  i f  yot: h a v e  o r b i t  a n o m a l l y ,  you c a n  pre ,suTably charlge t h e  
s c a n  r a t e s  d y n a m i c a l l y  s u c h  t h a t  you d o n ' t  h a v e  t h e  o v e r l a p u n d e r l a p  problem.  
F i n a l l y ,  i n h e r e n t  band-to-band r e g i s t r a t i o n  i s  p o s s i b l e .  One o f  t h e  r e a s o n s  
why we a r e  i n s i s t i n g  on o b t a i n i n g  band-to-band r e g i r t r a t i o n  and o n e  c f  t h e  re- 
q u i r e m e n t s  o f  t h e  d e f i n i t i o n  s t u d y  i s  t h a t  band-tc-band r e g i s t r a t i o ?  b e  less 
t h a n  1/10 of a p i x e l .  This requirement i s  made b e c a u s e ,  f o r  e x a m p l e ,  i f  you  
h a k e  a 15-meter p i x e l  and a m i s r e g i s t r a t i o n  of  1 /10  of a p i x e l ,  t h e n  t h e  best  
YOU can do a s  f a r  as t h e  e r r o r  i n  t h e  r a t i o s  i s  of t h e  o rde r  o f  2%. We a r e  
c u r r e n t l y  invclved i n  an i n s t r u n e n t  d e f i n i t i o n  s t u d y ,  and we have four  con- 
t r a c t o r s  s tudying a l t e r n a t i v e  instrument c o n f i g u r a t i o n s .  One o f  t h e  t h i n g s  
t h a t ' s  come ou t  o f  t h e  s t u d i e s  i s  the fsct t?wt i t ' s  gc ing  to b e  very,  very 
d i f f i c u l t  t o  mechanically r e g i s t e r  each o f  che bands  t o  less  t h r n  1/10 of  an 
IFCIV. 
What t h e  Table 1 c h a r t  does i s  compare t h e  results of' morinting a F a i r c h i l d  
Loreors and the MLA requirements .  As you c m  see, i t  looks  l i k e  i t ' s  p o s s i b l e  
t o  g e t  t o  1/10 of an F3V, b u t  t h i s  i s  t h e  c u r r e n t  s ta te  o f  t h e  a r t  i n  terms 
o f  t h e  physical  l o c a t i o n  atid mounting o f  c h i p s  t o  form a contigclous a r r a y .  
I just want t o  qu ick ly  touch on t w o  c o n s i d e r a t i o n s  a s  far  as m i s r e g i s t r a t i o n  
i s  concerned. One i s  t h e  impact o f  t h e  E a r i h ' s  r c t a t i o n  !see Figure 3 ) .  If 
you have a displacement  o f  t h e  a r r a y  i n  t h e  f o c a l  plane -- l e t ' s  say you have 
a s i x - l i n e a r  a r r a y  f o c a l  plane c o n s i s t i n g  of s i x - l i n e a r  a r r a y s  w i t h  i n t e g r a t e d  
f i l t e r s ,  t h e  physical  displacement  between band one and band six had t o  be 
l e s s  than 20 IF3Vs. The impact o f  t h e  r o t z t i o n  of t h e  Ea r th  is  shown i n  
Figure 3.  There a r e  two waya t o  compensate f o r  t h e  misr 3 l s t r a t i o n  and t h a t  
i s  t o  in t roduce  a yaw and a p i t c h  i n  the  d i r e c t i o n  o p p o s i t e  t h e  westerly ro t a -  
t i o n  o f  the Earth.  The o t h e r  i s  t o  s i m p l y  change t h e  heading,  and reduce t h e  
v e l o c i t y  vec to r  a s soc ia t ed  w i t h  t h e  r o t a t i o n  o f  t h e  E a r t h ,  Another considera-  
t i o n  -- and t h i s  one i s  e q u a l l y  a p p l i c a b l e  t o  scanne r s  and t o  pushbroom a r r a y s  
-- is c h c  e f f e c t  o f  o f f  n a d i r  viewing and t h e  geometric con . - iA?ra t ion  (F igu re  
4). As poii  view off  n a d i r ,  obviously what happens i s  t h a t  you g e t  panorama 
e f f e c t .  You g e t  geometric d i s t o r t i o n ,  b u t  i n  a d d i t i o n ,  there ' s  a r e s o l u t i o n  
and a scale change. I might add t h a t  t h e  f i e l d  o f  views c u r r e n t l y  being con- 
s ide red  f o r  t h e  MLA i s  +7-1/2 t o  15 degrees .  11; turns o u t  t h a t  t h e  pushbroom 
a r r a y ,  because of  t h e  Fact t h a t  i t  s imultaneously images, h a s  an advantage.  
By maintaining perspective, i t  t u r n s  o u t  t h a t  t h e r e ' s  a s l i g h t  geometric d i s -  
tor t . ion advantage t o  t h e  pushbroom over t h e  scanner .  But a s  you can see if' 
you po in t  ol'f n a d i r ,  t h e r e ' s  a s i g n i f i c a n t  change i n  t h e  pe r spec t ive  which we 
c a l l  t he  panorama e f f e c t .  That impacts t h e  problem as soc ia t ed  w i t h  a b s o l u t e  
geolocat ion and a i s r e g i s t r a t i o n  tiecazse a n y  a t t i t u d e  change w i l l  result  i n  d 
cons ide rab ly  l a r g e r  u n c e r t a i n t y  it! term:. o f  r e g i s t r a t i o n  and geo loca t ion  o f f  
nad i r  than on nadir.  So t o  summarize some of  t h e  i s s u e s  a s s o c i a t e d  w i t h  o f f  
nad i r  v i e w i n g ,  a n y  system we're going t o  cons ide r  i n  t h e  fut1.1re w i l l  havt  t h e  
c a p a b i l i t y  t o  po in t  o f f  n a d i r .  The reason we 'd  l i k e  t o  go  t o  o f f -nad i r  point-  
i n g  is  t o  inc rease  t h e  temporal v i s i t a t i o n .  For example, w i t b  SPOT, t h e i r  
26-day overpzss  c y c l e  is reduced t o  one t,o f i v e  days b y  a 2 2 6 O  of f -nad i r  v i ew-  
ing c a p a b i l i t y  . From t h e  r e sea rch  s t a n d p o i n t ,  t h e r e  a r e  a d d i t i o n a l  d e s i r a b l e  
f e a t u r e s  o f  off-nadir  po in t ing .  These inc lude  the  a b i l i t y  t o  i n v e s t i g a t e  a t -  
mospheric e f f e c t s ,  adjacency e f f e c t s ,  and c a l i b r a t e  t h e  atmosphere. A key is- 
sue fo r  the conference t o  be concerned w i t h  a s  f a r  os  of f -nad i r  poi ; i t ing is 
the p o s s i b i l i t y  of r q i s t e r i n g  a n a d i r  scene w i t h  an o f f -nad i r  scene, given 
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